The YAV-8B simulation and modeling.  Volume 2:  Program listing by unknown
NASA CR-I 70397 A 4fid 
YAV-8B Simulation and odeling 




National Aeronautics and 
Space Administration 
https://ntrs.nasa.gov/search.jsp?R=19830013923 2020-03-21T03:47:06+00:00Z
YAV-8B Simulation and Modeling 
Volume 11: Program Listing 
McDonnell Douglas Corporation 
McDonnell Aircraft Company 
St. Louis, Missouri 63166 
Prepared for 
Ames Research Center 
Dryden Flight Research Facility 
under Contract NAS4-2839 
1983 
National Aeronautics and 
Space Administration 
Ames Research Center 
Dryden Fiig ht Research Facility 




TABLE OF CONTENTS 
SECTION TITLE 
1 . Introduction and Summary . . . . . . . . . . . . . .  
Appendix A YAV-8B Nonlinear Program List ing . . . . . . . . . . . .  
F i l e  and Program YAV8B . . . . . . . . . . . . . . .  
F i l e  and Subroutine I50MS . . . . . . . . . . . . .  
F i l e  YAERO: Subroutine AERODAT . . . . . . . . . .  
Subroutine AEROY8B . . . . . . . . . .  
F i l e  YENGN: Subroutine YENGD . . . . . . . . . . .  
Subroutine ENG08 . . . . . . . . . . .  
F i l e  YAVAC: Subroutine AC07 . . . . . . . . . . . .  
Subroutine RCS07 . . . . . . . . . . .  
Subroutine PFC07 . . . . . . . . . . .  
Subroutine SFCO7 . . . . . . . . . . .  
Subroutine WTBALO7 . . . . . . . . . .  
F i l e  EOM: Subroutine TEOMl . . . . . . . . . . . .  
Subroutine TEOM2 . . . . . . . . . . .  
Subroutine REOMl . . . . . . . . . . .  
Subroutine REOM2 . . . . . . . . . . .  
F i l e  ATMOS: Subroutine STNDAY . . . . . . . . . . .  
Subroutine ATMOS . . . . . . . . . . .  























Appendix B YAV-8B Nonlinear Program Array Search . . . . . . . . .  B-1 
F a r r a y  . . . . . . . . . . . . . . . . . . . . . .  B-2 
A a r r a y  . . . . . . . . . . . . . . . . . . . . . .  B-8 
Appendix C YAV-8B Data Plo ts  . . . . . . . . . . . . . . . . . . .  C-1  
Engine Data P lo t s  . . . . . . . . . . . . . . . . .  C-2 
Glossary of Terms . . . . . . . . . . . . . . . . .  C-323 
Low Speed Aerodynamic Data P lo t s  . . . . . . . . . .  C-37 
High Speed Aerodynamic Data P l o t s  . . . . . . . . .  C-223 
Appendix D Simulation R u n  Sample . Output . . . . . . . . . . . . .  D-1 
LIST OF ACTIVE PAGES 
T i t l e  Page 
ii 
1-1 th ru  1-2 
Appendix A. A-1 t h ru  A-252 
Appendix B. B-1 th ru  B-50 
Appendix C. C-1 t h ru  C-3. C-3.1, C-4 th ru  C.42. C-42.1, C-42.2, 
C-42.3, C-43 thru  C.90. C-90.1, (2-90.2, C-90.3, C-91 th ru  
C.162. C-162.1, C-163 th ru  C.224. C-224.1, C-225 th ru  C.319. 
C-319.1, C-320 t h m  C-324 
Appendix D. D-1 th ru  D-28 




1. INTRODUCTION AND S U Y  
A s  p a r t  of i ts  V/STOL research program, NASA intends t o  conduct f l i g h t  
inves t iga t ions  of the  s t a b i l i t y ,  cont ro l  and handling q u a l i t i e s  of highly 
augmented V/STOL a i r c r a f t .  
YAV-8B a i r c r a f t  modified t o  include an advanced avionics and f l i g h t  cont ro l  
system fo r  improving f ly ing  q u a l i t i e s  and performance. 
Specif ic  plans include the f l i g h t  tests of a 
As an i n i t i a l  phase t o  t h i s  program, NASA w i l l  conduct f l i g h t  tests of 
t h e  YAV-8B vehicle i n  order t o  extract aerodynamic and propulsion character- 
ist ics,  update e x i s t i n g  simulation models, va l ida t e  handling q u a l i t i e s  and 
design cri teria,  and t o  improve V/STOL f l i g h t  test techniques. This program 
w i l l  a l so  include tests using a s ta t ic  tes t  s tand located a t  t h e  Dryden 
F l igh t  Research Center, where f l i g h t  tests of t h e  YAV-8B w i l l  t ake  place. 
In  order t o  perform high qua l i ty  parameter estimation and ana lys i s  of 
t h e  YAV-8B cha rac t e r i s t i c s ,  i t  i s  necessary t o  construct mathematical 
models of varying complexity and l i n e a r i t y  from ex i s t ing  wind tunnel and 
f l i g h t  test data .  
The McDonnell A i rc ra f t  Company (MCAIR) recent ly  completed a V/STOL 
simulation and modeling study under cont rac t  t o  NASA Dryden. 
defined and documented de ta i l ed  mathematical models of varying complexity 
representative of t h e  YAV-8B aircraft. These models w i l l  be  used by NASA 
i n  parameter estimation and i n  l inear ana lys i s  computer programs while 
invest igat ing YAV-8B aircraft  handling q u a l i t i e s .  
freedom nonlinear model and a l inear ized  th ree  degree of freedom longi tudinal  
and la teral  d i r e c t i o n a l  model were developed. 
This study 
Both a six degree of 
. The nonlinear model is  based on t h e  mathematical model used on the  MCAIR 
YAV-8B manned f l i g h t  simulator. This simulator model has undergone per iodic  
updating based on t h e  r e s u l t s  of approximately 360 YAV-8B f l i g h t s  and 8000 
hours of wind tunnel tes t ing .  Qual i f ied  YhV-8B f l i g h t  test  p i l o t s  have 
commented tha t  t h e  handling q u a l i t i e s  cha rac t e r i s t i c s  of t h e  simulator are 
q u i t e  representat ive of t he  real a i r c r a f t .  These comments are validated 
herein by comparing da ta  from both s ta t ic  and dynamic f l i g h t  test maneuvers 
t o  t h e  same obtained using t h e  nonlinear program. 
The l inear ized  mathematical model uses s t a b i l i t y  der ivat ives  and is 
formatted exactly as t h e  models t r a d i t i o n a l l y  used i n  conventional f l i g h t  
dynamic analysis .  
l inear ized  model and compared t o  both the  f l i g h t  da ta  and t h e  nonlinear 
predictions. To document t h e  a i r c r a f t  cha rac t e r i s t i c s  throughout t he  f l i g h t  
envelope t r i m  conditions and s t a b i l i t y  der iva t ives  are provided f o r  24 
f l i g h t  conditions. 
Ai rcraf t  cha rac t e r i s t i c s  were predicted using t h i s  
A FORTRAN batch simulation of t h e  nonlinear model has been produced. 
Documentation f o r  t h i s  simulation cons is t s  of a descr ipt ion of t h e  software 
including top level flow char t s ,  program s t ruc tu re ,  subroutine in t e r f aces ,  
modeling equations, da t a  format, a user's guide, source l i s t i n g s  and p l o t s  




This r epor t  i s  divided i n t o  two volumes. Volume I contains t h e  descrip- 
t i o n  of the  a i rc raf t ,  documentation of t h e  nonlinear and l i n e a r  mathematical 
models, s t a b i l i t y  der iva t ives ,  t he  comparisons of predicted and ac tua l  f l i g h t  
test da t a  which v a l i d a t e  t h e  nonlinear model and a discussion of models 
appropriate f o r  use i n  parameter estimation programs. Volume I1 contains 
the  source l i s t i n g s  f o r  the nonlinear program and p lo t s  of the  aerodynamic 
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DEPENDENT DATA TABLE 
Ambient temperature cor rec t ions  t o  
EGT as a funct ion of a l t i t u d e  and 
ambient temperature r a t i o  
EG'I(M0 Mach number co r rec t ion  t o  EGT a8 a 













Al t i t ude  co r rec t ion  t o  gross t h r u s t  
as a func t ion  of cor rec ted  fan  speed 
and ambient pressure  
Nozzle co r rec t ion  t o  scrub drag as a 
funct ion  of nozzle  pos i t i on  
Ram recovery r a t i o  f a c t o r  as a func- 
t i o n  of corrected f an  speed and Mach 
number 
Inlet  and boundary l a y e r  bleed drag 
as a func t ion  of cor rec ted  a i r f low 
and Mach number 
RCS b leed  co r rec t ion  t o  EGT as a 
func t ion '  of cor rec ted  f a n  speed 
Jet p ipe  temperature as a funct ion of 
cor rec ted  f a n  speed and ram recovery 
r a t i o  
EGT co r rec t ions  due t o  nozzle  posi- 
t i o n  (dry) as a funct ion  of cor rec ted  
fan speed and nozzle pos i t ion  
EGT co r rec t ions  due t o  nozzle posi-  
t i o n  (wet) as a func t ion  of cor rec ted  
f an  speed and nozzle pos i t i on  
RCS bleed  co r rec t ion  t o  gross t h r u s t  
as a func t ion  of cor rec ted  fan  speed 
Corrected gross t h r u s t  as a funct ion 
of cor rec ted  fan speed and Mach 
number 
MaximUm corrected gross  t h r u s t  as a 
funct ion of Mach number a t  100% 
correc ted  fan  speed -- - -- -- _. _ _  . _ _  - . _  -





























I TO PLOTS (Cont 'd) 
















Splay angle  Correction t o  gross  t h r u s t  
as a funct ion of corrected f an  speed 
and nozzle  p o s i t i o n  
Fan speed acce le ra t ion  f a c t o r  as a 
funct ion  of f a n  speed 
Commanded RPM as a funct ion of power 
s p i n d l e  angle  
Windmill fan RPM as a funct ion  of 
c a l i b r a t e d  a i r speed  and a l t i t u d e  
RCS bleed co r rec t ion  t o  compressor 
d ischarge  pressure  as a funct ion  of 
cor rec ted  fan speed 
Compressor discharge pressure  as a 
funct ion  of cor rec ted  f an  speed and 
Mach number 
Scrub drag as a funct ion of cor rec ted  
f a n  speed and Mach number 
Compressor discharge temperature as 
a funct ion of cor rec ted  fan speed and 
Mach number 
Corrected airflow as a func t ion  of 
cor rec ted  f a n  speed and Mach number 
Water i n j e c t i o n  cor rec t ion  t o  EGT as 
a funct ion  of correc ted  fan  speed 
RCS bleed co r rec t ion  t o  f u e l  flow as 
a func t ion  of cor rec ted  fan speed 
Commanded f u e l  f low 
power sp indle  angle  
Fuel  flow parameter 
cor rec ted  fan speed 
r a t i o  
as a func t ion  of 
as a func t ion  of 































EX TO ENGINE DATA PLOTS (Contfd) 
DEPENDENT 
PWWFC Water i n j e c t i o n  cor rec t ion  t o  f u e l  WFWTU G-30 






Engine t h r u s t  center ( fuse lage  sta- TCFSU C-3 1 
t ion)  as a func t ion  of cor rec ted  f a n  
speed and nozzle  pos i t ion  
RCS cor rec t ion  t o  t h r u s t  cen te r  FSRCSU C-32 
( fuse lage  s t a t i o n )  as a funct ion  of 
t o t a l  RCS bleed and corrected fan  
speed 
Engine t h r u s t  cen te r  (water l ine)  as 
a funct ion  of corrected f a n  speed 
Fan speed acce le ra t ion  Umft as a 
funct ion  of percent  maximum gross  
t h r u s t  
TCWLU 
TOPTS 
A m b i e n t  temperature cor rec t ions  t o  WFEtDAW 
f u e l  flow as a funct ion  of ambient 
temperature r a t i o  and a l t i t u d e  
Mach number co r rec t ions  t o  f u e l  flow WFKMOU 
as a funct ion of corrected f an  
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EX TO LOW SPEED AERODYNAMIC PLOTS 













S ide  fo rce  and yawing moment criteria YMSF60U c-43 
due t o  ph i  break lines as a funct ion  
of VET, a l t i t u d e  and K f a c t o r ;  
nozzles  = 60 deg 
S ide  f o r c e  and yawing moment criteria 
due t o  phi  break lines as a func t ion  
of VET, a l t i t u d e ,  and K f a c t o r ;  
nozzles  = 81 deg 
YMSF8lU 
Increment of axial fo rce  c o e f f i c i e n t  CAAILT 
due t o  aileron as a funct ion of 
a i l e r o n  d e f l e c t i o n  and alpha 
Baseline axial f o r c e  c o e f f i c i e n t  as CABASlT 
a func t ion  of a lpha  
Baseline axial fo rce  c o e f f i c i e n t  as - CAEAS2T 
a func t ion  of alpha; high alpha 
Increment of axial fo rce  c o e f f i c i e n t  CAnAPT 
due t o  f l a p  as a funct ion of a lpha 
and f l a p  d e f l e c t i o n  
Increment of axial f o r c e  c o e f f i c i e n t  CAGE55T 
due t o  ground e f f e c t s  as a func t ion  
of THALP, a l t i t u d e  and VEQ; 
nozzles  = 55 deg 
Increment of axial force  c o e f f i c i e n t  CAGE81T 
due t o  ground effects as a func t ion  
of THAD and a l t i t u d e ;  nozzle > 81 deg 
Increment of axial f o r c e  c o e f f i c i e n t  CAPOWT 
due t o  power effects as a func t ion  of 
a lpha,  VEQ, and THETAJ =I 0, 10 deg 
Increment of axial f o r c e  c o e f f i c i e n t  CA5 5T 
due t o  power e f f e c t s  as a funct ion  of 
alpha, VEQ, and THETAJ = 55 deg 
Increment of r o l l i n g  moment coeff ic-  CLLAILT 
ient due t o  a i l e r o n  as a funct ion  of 
a lpha and a i l e r o n  de f l ec t ion  
Roll ing moment c o e f f i c i e n t  due t o  
s i d e s l i p  angle  as a funct ion of 
















EX TO LOW SPEED AERODYNAMIC PLOTS (Cont'd) 














Rol l ing  moment coe f f i c i en t  due t o  CLLPT c-59 
r o f l  rate as a funct ion  of a lpha  
Rol l ing  moment coe f f i c i en t  due t o  CLILPOWT C-60 
power e f f e c t s  as a funct ion of VEQ 
and alpha 
Roll ing moment c o e f f i c i e n t  due t o  
yaw rate as a funct ion  of a lpha 
Increment of yawing moment coef f ic- 
ient due t o  a i l e r o n  as a func t ion  
of a lpha and a i l e r o n  de f l ec t ion  
Yawing moment due t o  s i d e s l i p  angle  
as a func t ion  of alpha and f l a p  
d e f l e c t i o n  
Yawing moment c o e f f i c i e n t  due t o  
roll rate as a funct ion of a lpha 
Yawing moment c o e f f i c i e n t  due t o  







Yawing moment c o e f f i c i e n t  due t o  CLNRT 
yaw rate as a funct ion  of a lpha  
Increment of p i tch ing  moment coeff ic-  
tent due t o  a i l e r o n  as a func t ion  of 
a i l e r o n  d e f l e c t i o n  and alpha 
CMAILT 
Baseline p i tch ing  moment c o e f f i c i e n t  
as a funct ion of a lpha 
CMBAS 1T 
Basel ine  p i tch ing  moment c o e f f i c i e n t  CMBAS2T 
as a func t ion  of a lpha ;  high a lpha  
Increment of p i tch ing  moment coef- CNFLAPT 
f i c i e n t  as a funct ion  of ALPC, f l a p  
de f l ec t ion ,  and THETAJ 
Increment of p i tch ing  moment coef- CNGE55T 
f i c i e n t  due t o  ground e f f e c t s  as a 
func t ion  of T H U P ,  a l t i t u d e ,  and 














EX TO LOW SPEED AEROD I C  PLOTS (Cont'd) 
DEPENDENT. DATA TABLE 
CMGE81 Increment of p i tch ing  moment CMGE81T c-75 
c o e f f i c i e n t  due t o  ground effects 
as a funct ion of THALP and a l t i t u d e ;  
nozzles  - > 81 deg 
W 2 5  
cMJ45 




Increment of p i t ch ing  moment coeff ic-  
ient due t o  f l a p - j e t  impingement as a 
funct ion  of VEQ, alpha, and THETAJ; 
f l a p s  < 25 deg 
W J I T  
- 
Increment of p i t ch ing  moment coeff ic-  
ient due t o  f lap- je t  impingement as a 
func t ion  of THETAJ; f l a p s  6 1  deg 
CMFJIlT 
Increment of p i t ch ing  moment coeff ic-  
ient due t o  f l a p - j e t  impingement as a 
func t ion  of THETAJ; f l a p s  - > 61.7 deg 
Increment of p i t ch ing  moment coeff ic-  
ient due t o  s t a b i l a t o r  as a func t ion  of 
ALPT, alpha, and VEQ; f l a p s  = 0 deg 
CMFJI2T 
D-T 
Increment of p i t ch ing  moment ccreffic- 
ient due t o  s t a b i l a t o r  as a funct ion  
of  ALPT; 25 deg f l a p s  
D W 5 T  
Increment of p i t ch ing  moment coeff ic-  
ient due t o  s t a b i l a t o r  as a func t ion  
of ALPT, and VEQ; 61.7 deg f l a p s  
DCM62T 
CNAILL Increment of normal fo rce  c o e f f i c i e n t  CNAILT 
due t o  a i l e r o n  as a funct ion of 
a i l e r o n  d e f l e c t i o n  and alpha 
CNBASE Baseline normal f o r c e  c o e f f i c i e n t  as CNBASlT 
a func t ion  of a lpha 
CNBASE2 Baseline normal fo rce  coe f f i c i en t  as CNBAS2T 
a func t ion  of alpha; high alpha 
CNFLAPL Increment of normal force  coeff ic-  CNFLAPT 
ient due t o  f l a p s  as a func t ion  of 
ALPC, f l a p  de f l ec t ion ,  and THETAJ 
CNGE5 5 Increment of*normal fo rce  coeff ic-  CNGES5T 
ien t  due t o  ground e f f e c t s  as a 
func t ion  of THALP, a l t i t u d e ,  and 













INDEX TO LOW SPEED ~ R O D ~ ~ I ~  PLOTS (Cont'd) 
DEPBNDENT DATA TABLE 
CNGE81 Increment of normal fo rce  coef f ic -  . CNGE81T C-9% 
ient due t o  ground e f f e c t s  8s a 
funct ion  of THALP and a l t i t u d e ;  











Increment of s i d e  f o r c e . c o e f f i c i e n t  
due t o  a i l e r o n  as a funct ion of 
a lpha and a i l e r o n  de f l ec t ion  
Side fo rce  c o e f f i c i e n t  due t o  side- 
s l i p  angle as a funct ion of a lpha 
and f l a p  d e f l e c t i o n  
Increment of s i d e  fo rce  c o e f f i c i e n t  
due t o  power e f f e c t s  as a furaction 




Delta co r rec t ion  t o  f l a p  AOA as a ALPCT 
func t ion  of THETAJ and VEQ 
Delta cor rec t ion  t o  axial fo rce  DCAT 
c o e f f i c i e n t  due t o  f l a p s  as a 
func t ion  of VEQ 
Increment of a x i a l  fo rce  coef f ic -  CAFJXT 
i e n t  due t o  f l ap - j e t  i n t e r f e rence  
as a funct ion of VEQ, f l a p s  L 25 deg 
Increment of axial fo rce  coeff ic-  CAFJILT 
i e n t  due t o  f l a p - j e t  i n t e r f e r e n c e  
as a funct ion of THETAJ, f l a p s  < 6 l . d e g  
Increment of axial force  coef f ic -  CAFJI2T 
ient due t o  f l a p - j e t  i n t e r f e rence  
as a funct ion of THETAJ, 
f l a p s  - > 61.7 deg 
Increment of axial fo rce  coeff ic-  DCASOT 
ient due t o  ground e f f e c t s  as a 
funct ion of TELALP and a l t i t u d e ;  
nozzle  = 50 deg 
Increment of axial fo rce  coeff ic-  DCAGOT 
ient due t o  ground e f f e c t s  as a 
func t ion  of THALP and a l t i t u d e ;  















LOW SPEED MROD C PLOTS (Cont'd) 
DATA TABLE 
DCLNHI Yawing moment coe f f i c i en t  due t o  DCLNHIT c-102 
s i d e s l i p  angle as a function of 
a lpha f o r  high b e t a  
D C M F J I  Increment t o  W 2 5  aa3 a funct ion of DCMFJIT C- 10 3 
alpha 
D C M ,  Increment of p i tch ing  moment coef- DCMT C- 10 4 
f i c i e n t  due t o  f l a p s  as a funct ion 
of alpha, VEQ, and f l a p  de f l ec t ion  
DCMPOW Increment of p i tch ing  moment coef- DCMPOWT C- 10 7 
f i c i e n t  due t o  power effects as a 
funct ion of alpha, VEQ, and THETAJ 
DCMlO Increment of p i tch ing  moment coef- 
f i c i e n t  due t o  ground e f f e c t s  as a 
funct ion of THALP, a l t i t u d e ,  and 









Increment of p i tch ing  moment coef- 
f i c i e n t . d u e  t o  ground e f f e c t s  as 
a funct ion of Tf;tALp and a l t i t u d e ;  
nozzle  = 50 deg 
Increment of p i tch ing  moment coef- 
f icient due t o  ground effects as a 
funct ion of THALP and a l t i t u d e ;  
nozzle  = 60 deg 
DCMSOT 
DCM60T 
Increment of normal force  coe f f i c i en t  CNFJIT 
due t o  f lap- je t  in te r fe rence  as a 
funct ion of ALPC and VEQ, f l a p s  2 25 deg 
Increment of normal force  coe f f i c i en t  CNFJILT 
due t o  f lap- je t  in te r fe rence  as a 
funct ion of THETAJ; f l a p s  < 6 1  deg 
Increment of normal force coe f f i c i en t  CNFJI2T 
due t o  f lap- je t  in te r fe rence  as a 
funct ion of THETAJ; f l a p s  61.7 deg 
Increment of normal force coef f ic ien t  DCNPOWT 
due t o  power e f f e c t s  as a funct ion of 









INDEX TO LOW SPEED AERODYNAMIC PLOTS (Cont'd) 
DEPENDENT DATA TABLE 
DCNPOW Increment of normal force coe f f i c i en t  CNPOWT C-124 
due t o  power effects as a function of 
TIfETAJ, VEQ, and i lpha ;  VEQ - > .05 
DCN50 Increment of normal force co C-132 
due t o  ground effects as a funct ion of 
THALp and a l t i t u d e ;  nozzle = 50 deg 
DCN6O Increment of n o m 1  force coe f f i c i en t  DCNGOT C- 133 
due t o  ground effects and a l t i t u d e ;  










Side fo rce  coe f f i c i en t  due t o  side- DCYEIT 
s l i p  angle as a function of alpha f o r  
high b e t a  
Increment t o  D W 8 1  as a function 
of  ABETAP, a l t i t u d e ,  and VET; 
nozzle = 81 deg 
Phi  b i a s  t o  r o l l i n g  m o m e n t  as a func- 
tion of phi, be ta ,  and a l t i t u d e ;  
nozzle = 0 t o  60 deg 
Phi  b i a s  t o  r o l l i n g  moment as a func- 
t i o n  of phi  and be ta ,  a l t i t u d e ,  and 
VET 
Side force  out of ground effects as a 
funct ion of THALI?, THETAJ, and VEQ 
Dawnwash angle f o r  f l aps  < 25O, as a 
funct ion of a lpha and VEQ 
Downwash angle f o r  f l a p s  
funct ion of alpha, VEQ, and f l a p  
de f l ec t ion  
2 5 * ,  as a 
Phi b i a s  t o  s i d e  force  as a funct ion 
of ABETAP, altitude, and VET; 
nozzles = 60 deg 
Phi  B i a s  t o  s i d e  force  a6 a function 
of ABETAP, a l t i t u d e ,  and VET; 

















C- 15 4 
C-42 
MDC A9910 
INDEX TO LOW SPEED AERODYNAMIC PLOTS (Cont 'd) 
DEPEYZIENT DATA TABLE 
PBYN6O Phi  b i a s  t o  yawing moment as a func- 
t i o n  of ABETAP, a l t i t u d e ,  and VET; 
nozzles  = 60 deg 
C-156 PBYM6OU 
-PBYM81U C-1S8 PBpM81 
RC 
Phi  b i a s  t o  yawing moment as a func- 
t i o n  of ABETAP, a l t i t u d e ,  and VET: 
nozz les  = 81 deg 
Correct ion f a c t o r  t o  p i tch ing  moment 







K Fac tor  f o r  d e l t a  cor rec t ion  t o  axial 
f o r c e  c o e f f i c i e n t  as a funct ion  of VEQ 
RCAT 
RKT Correct ion f a c t o r  t o  p i tch ing  moment 
c o e f f i c i e n t  due t o  s t a b i l a t o r  f o r  zero 
deg. f l a p s  
Ground e f f e c t  on long i tud ina l  con t ro l  






C-163 Ro l l ing  moment out  of ground e f f e c t s  
as a funct ion  of THALP and VEQ; 
nozzles  = 0 deg 
M E 6 0  Rol l ing  moment out  of ground e f f e c t s  
as a funct ion of THALP and VEQ; 
nozz les  = 60 deg 
Increment of r o l l i n g  moment out of 
ground e f f e c t s  as a funct ion of 
ABETAP, THALP, and VEQ: nozzles  = 
8 1  deg, VEQ = .025 
RMBE6OU C-164 
RMBE81 RMBE81U (2-165 
RMBE96 RMBE96U C-168 Increment of r o l l i n g  moment out  of 
ground e f f e c t s  as a funct ion of 
ABETAP and THALP; nozzles = 8 1  





Rol l ing  moment in ground e f f e c t s  
as a funct ion of THALP, a l t i t u d e ,  
and VET; nozzles = 0 deg 
Lookup term for DRMP81 as 
t i o n  of ABETAP, a l t i t u d e ,  
nozzles  = 81 deg 





XHDEX TO LOW SPEED AERODYNAMIC PLOTS (Cont'd) 
DEPENDENT DATA TABLE 










Rol l ing moment i n  ground effects 
as a function of ABETAP, THALP, 
and VET; nozzles = 81; a l t i t u d e  = 
1.2 feet 
Increment of r o l l i n g  m o m e n t  out of. 
ground e f f e c t s  as a function. of ABETAP 
.and THALP; nozzles = 81, VEQ = ,247 
Rol l ing  moment i n  ground e f f e c t s  as 
a funct ion of ABETAP, THALP, and 
VET; nozzles = 81, altitude 4.12 
f e e t  
Rol l ing moment i n  ground e f f e c t s  
as a funct ion of ABETAP, '%HALP, 
and VET; nozzles =I 81; a l t i t u d e  = 
7.05 f e e t  
S ide  Force i n  ground e f f e c t s  as a 
func t ion  of T&ALP and a l t i t u d e ;  
nozzles = 60 deg 
Side  Force i n  ground effects as a 
funct ion of THALP, a l t i t u d e  and 
VET; nozzles = 81 deg 
B i a s  t o  s i d e  f o r c e  as a func t ion  of 
BETAP, a l t i t u d e ,  and VET; 
nozzles  - 60 deg 
Bias t o  s i d e  f o r c e  as a funct ion of 
ABETAP, a l t i t u d e  and VET; nozzles 
= 81 deg 
P h i  b i a s  t o  s i d e  f o r c e  as a funct ion 
of YPHIE, a l t i t u d e  and VET; 
nozzles = 60 deg 
P h i  b i a s  t o  s i d e  f o r c e  as a funct ion 
of YPHIE, a l t i t u d e ,  and VET; 
























DEPENDENT DATA TABLE 
pMBS60 B i a s  t o  yawing moment as a f a c t i o n  
of ABETAP, a l t i t u d e ,  and VET; 
nozzles = 60 deg 
YMBS81 B i a s  t o  yawing moment as a funct ion 
of ABETAP, a l t i f u d e ,  and VET; 
nozzles = 81 deg 
W E 6 0  Yawing moment i n  ground e f f e c t s  as 
a funct ion of THALP and a l t i t u d e ;  
nozzles = 60 deg 
YMGE81 Yawing moment i n  ground e f f e c t s  as 
a funct ion of W, a l t i t u d e ,  and 
VET; nozzles = 81 deg 
W E 6 0  Phi  b i a s  t o  yawing moment as a 
funct ion of YPHIE, a l t i t u d e ,  and 
VET; nozzles = 60 deg 




Phi  B i a s  t o  yawing moment as a func- 
t i o n  of YPHIE, a l t i t u d e ,  and VET; 
nozzles = 81 deg 
Yawing moment out  of ground e f f e c t s  
as a funct ion of THALP and VEQ; 
nozzles = 0 deg 
Yawing moment out  of ground e f f e c t s  
as a function of THALP and VEQ; 
nozzles = 60 -deg 
Yawing moment out  of ground e f f e c t s  
as a funct ion of T" and VEQ; 
nozzles = 81 deg 
YMI3S60U c-202 
YMBS81U C-204 
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Nozzle angle i n  degrees 
Square root of the  r a t i o  of freestream dynamic pressure t o  
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Lateral-dir ec t iona l  bias  term 
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